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How does electron cooling work?How does electron cooling work?

Storage ring

Electron
Gun

Electron
Collector

1-5% of the ring
circumference

Electron beam

Ion beam

The velocity of the electrons is made equal to the average 
velocity of the ions.
The ions undergo Coulomb scattering in the electron 
“gas” and lose energy, which is transferred from the ions 
to the co-streaming electrons until some thermal 
equilibrium is attained.



Sergei Nagaitsev (Fermilab/AD) 3

Electron coolingElectron cooling

Was invented by G.I. Budker (INP, 
Novosibirsk) as a way to increase 
luminosity of p-p and p-pbar
colliders.

First publication at Symp. Intern. 
sur les anneaux de collisions á
electrons et positrons, Saclay, 
1966: “Status report of works on 
storage rings at Novosibirsk”
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First Cooling DemonstrationFirst Cooling Demonstration

Electron cooling was first tested 
in 1974 with 68 MeV protons at 
NAP-M storage ring at 
INP(Novosibirsk).
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Schematic Layout of the Fermilab Electron CoolingSchematic Layout of the Fermilab Electron Cooling
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Electron beam parameters (design goals)Electron beam parameters (design goals)

Electron kinetic energy 4.34 MeV 

Absolute precision of energy ≤ 0.3 %

Energy ripple ≤ 10-4

Beam current 0.5 A DC

Duty factor (averaged over 8 h) 95 %

Electron angles in the cooling section
(averaged over time, beam cross section, and 
cooling section length),  rms ≤ 0.2 mrad
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Recycler measured momentum distribution using Recycler measured momentum distribution using SchottkySchottky

1.5e11 pbars, εn = 2 µm
Momentum acceptance (flat central part): about 0.5% (+/- 22 MeV/c)
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Simulation of cooling demonstrationSimulation of cooling demonstration
Without cooling -- the momentum distribution remains flat over 0.3% span for 30 minutes
Coasting beam, IBS+ECOOL simulation, εn = 2 µm, Ie=0.1 A, rms angular spread = 0.5 mrad
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Simulation of cooling 
after 30 min



Sergei Nagaitsev (Fermilab/AD) 12

First interaction observed!
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Electron energy shifted down by 2 Electron energy shifted down by 2 keVkeV..
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Energies aligned Energies aligned –– we were within 3 kV!we were within 3 kV!
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First eFirst e--cooling demonstration cooling demonstration –– 07/15/0507/15/05

-0.002 -0.001 0 0.001 0.002

Fract. momentum spread

D
is

t. 
fu

nc
tio

n 
(a

rb
. u

ni
ts

)

Pbar beam: 63.5e10
Barrier-bucket bunched.
Bunch length 1.7-us
Tr. emittance (95%,n) kept at 4-pi mm-mrad
Electron beam current: 200 mA
Traces are 15 min apart
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MilestonesMilestones

Plan Actual
Commissioning begins 02/01/05 03/01/05
U-bend commissioned 03/14/05 04/15/05
Full beamline commissioned 04/04/05 05/04/05
A 0.5-A DC beam 07/08/05
Cooling of antiprotons 09/08/05 07/15/05
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SummarySummary

Demonstrated electron cooling ahead of schedule
Fermilab now has a world-record electron cooling 
system
Used electron cooling on two Tev shots – first 
time ever the ecool system used for a collider!
Much work ahead to integrate the system into 
operations.


